Purpose Primary vascular bone tumors of the spine represent a challenge for oncology surgeons, due to the need of planning a surgical strategy appropriate to the tumor behavior. But these tumors represent a challenge also for pathologists, as immunohistochemical and molecular analyses have recently refined the terminology. Methods A cohort of 81 cases was retrospectively reviewed, targeting the evolution of diagnoses and the treatment-related outcome. Sixty-six cases (including one case originally diagnosed as chordoma) were diagnosed before 2011, and 15 were diagnosed and treated in the period 2011-2017. Fully documented outcome studies are available for 46 patients whose immunohistochemical and molecular analyses were available. The follow-up ranges from 6 months of the early patient death to 300 months of the longest disease-free survival. Results The outcome was related not only to the treatment performed, but also to the evolution of diagnoses. The term Hemangioendothelioma that defined a benign aggressive (Enneking stage 3) tumor is now obsolete and replaced by the diagnosis of Epithelioid Hemangioma for benign aggressive tumor and Epithelioid Hemangioendothelioma for low-grade malignant tumor. En bloc resection was appropriate for local control, but 2 out of 7 cases of epithelioid Hemangioendotheliomas died due to the spread of the disease None of the Hemangiomas recurred after intralesional excision with or without radiotherapy, or after vertebroplasty. Both cases of Angiosarcoma had a fast and lethal evolution. Conclusions Surgeons must be aware of the evolution of terminology to decide the most appropriate treatment options. 
1. The term Hemangioendothelioma, which defined a benign aggressive (Enneking stage 3) tumor is now obsolete and replaced by the diagnosis of Epithelioid Hemangioma for benign aggressive tumor and Epithelioid, Pseudomyogenic and Retiformis Hemangioendothelioma for low grade malignant tumors. En bloc resection is the treatment of choice for local control.
Introduction
Primary vascular bone tumors appear as lytic lesions, sometimes multiple, that should be differentiated radiologically by metastatic carcinoma or multiple myeloma. These tumors represent a challenge for pathologists: Most vascular neoplasms originating in the bone show an epithelioid morphology and can express epithelial markers such as keratin, being possibly misdiagnosed as metastatic carcinoma. Moreover, recent advances by new diagnostic tools like immunohistochemistry and molecular analyses did contribute to a deeper knowledge of these neoplasms, with new terminology and a more detailed classification [1] [2] [3] . As a consequence, primary vascular tumors of bone represent a serious diagnostic and therapeutic pitfall for oncology surgeons. The anatomical constraints of the spine combined with the difficult assessment of tumor biological behavior increase the complexity of decision-making process in spinal localizations. These tumors range from indisputably benign lesions like Hemangiomas to highgrade malignant tumors like Angiosarcomas, including intermediate conditions, whose features and terminology have changed over time due to the evolution of diagnostic tools, from morphology to immunohistochemical and molecular analyses. Surgeons must be aware of this evolution of terminology not just to decide the most appropriate treatment options, but also for critical appraisal of the evolution of cases treated in the past, based on a diagnosis which changed at retrospective immunohistochemical/molecular revision [4, 5] .
The purpose of this article is to remark the evolution of diagnostic techniques and classification from the 1990s [6] to nowadays [7] . This will allow the understanding of the biological behavior of the single entities as actually defined, and the evaluation of the middle-and long-term outcomes of primary vascular bone tumors of the spine related to the treatment was performed, in order to plan the most appropriate surgical solution.
Materials and methods
A cohort of 81 cases was retrospectively reviewed. These cases were observed and treated from 1990 to 2017 by the same surgical team, and all specimens were evaluated and stored in the same Bone Tumor Center. Dossier, radiographic images and histology were reviewed and discussed by the senior surgeon (SB) and by the pathologists (AR, ADT). The study was approved by the Ethical Committee of Rizzoli Institute of Bologna (protocol number CE22814 of December 15, 2016, Bologna).
In the years 1990 to 2011, the terminology of bone vascular tumors included: Hemangioma, Hemangioendothelioma and Angiosarcoma. Hemangioma is a frankly benign tumor, mostly asymptomatic and incidentally found (Enneking Stage 1, latent) [8] .
Treatment is always palliative, limited to the rare symptomatic cases, targeted to relieve symptoms like pain, pathologic fracture, neurological symptoms produced by encroachment of the canal (Fig. 1) .
Angiosarcoma is defined as a high-grade malignant tumor (Enneking Stage II, mostly B as extracompartmental) [8] .
The term Hemangioendothelioma was used to identify all the intermediate conditions, staged as Enneking Stage 3 benign aggressive, extracompartmental [8] , able to metastasize in few cases (as in some Giant Cell Tumors of bone). As a peculiar feature of vascular tumors, both the possibility of multicentric occurrence with the same morphological findings, and also the progression of histological malignancy in local recurrences have been accepted [6] .
In [2, 12] . A retrospective review was decided of the 65 cases of primary bone vascular tumors of the spine diagnosed before 2011 using the immunohistochemical and molecular analyses not available before.
Due to the limited quality of the tissue (very old tissue paraffin blocks, poor fixation or decalcification of the tumoral sample), the immunohistochemical and/or molecular analyses was feasible on 33 out of these 65 cases.
The revision allowed these diagnoses: Hemangioma (20), Epithelioid Hemangioma (4), Epithelioid Hemangioendothelioma (3), Pseudomyogenic Hemangioendothelioma (1), Angiosarcoma (2) .
A tumor of L4, submitted to en bloc resection in August 2005 and diagnosed as chordoma at that time, recurred in the trapezius muscle 8 years later (Fig. 3) . The specimen of the soft tissue en bloc resection was diagnosed as Epithelioid Hemangioendothelioma based on morphology, immunohistochemical and molecular features. The revision of the primary tumor, using immunohistochemical and molecular studies (not available 8 years before), allowed the diagnostic change 1 3 (Fig. 4a, b) , thus increasing the number of Epithelioid Hemangioendotheliomas to 4 cases.
The cohort also includes 15 bone vascular tumors of the spine observed from 2011 to 2017 and diagnosed according to the new classification. The final number of cases submitted to fully immunohistochemical and molecular studies and is available for outcome evaluation ranges to 46 (Fig. 6 
Results
None of the 18 cases of Hemangioma on which immunohistochemical and molecular revision was performed received a different diagnosis. Their number raised up to 20 due to 2 cases previously diagnosed as Hemangioendothelioma.
The 2 cases of Angiosarcoma were confirmed as highgrade malignant tumor with epithelioid features.
The tumoral sample was adequate for molecular and immunohistochemical analysis in 13 of the 18 tumors originally diagnosed as Hemangioendothelioma. These 13 tumors received a broad spectrum of different diagnoses among vascular bone tumors: Hemangioma (2), Epithelioid Hemangioma (4), Epithelioid Hemangioendothelioma A case of Chordoma submitted to en bloc resection in 2005 was later diagnosed as Epithelioid Hemangioendothelioma (Figs. 3 and 4a, b) .
To summarize, after the morphological, immunohistochemical and molecular revision of bone vascular tumor with an available material diagnosed between 1990 and 2011, 31 out of 33 cases were confirmed as vascular tumors with these diagnoses: 20 Hemangiomas, 4 Epithelioid Hemangiomas, 4 Epithelioid Hemangioendothelioma, 1 Pseudomyogenic Hemangioendothelioma and 2 Angiosarcoma.
In the following years, till 2017, 15 new cases were observed, bringing up the number of primary bone vascular tumors of the spine confirmed by immunohistochemical and molecular studies to 46 (Fig. 6) .
Twenty-six cases of Hemangiomas were treated by radiation therapy alone (5), palliative surgery (decompression and/or fixation) combined with radiotherapy (18), vertebroplasty (3). Hemangioma is a benign tumor, relatively frequent in the spine as an incidental finding. Treatment is provided when it becomes symptomatic because of vertebral body collapse or of the neurological symptoms given by epidural mass or of local pain resistant to pain killers. Indeed, these symptoms frequently and suddenly occur during pregnancy (Fig. 1) , or at the pubertal spurt. The histological pattern of these symptomatic cases is identical to the latent ones.
Vertebroplasty was performed in cases of local pain, surgical decompression in case of canal impingement and fixation in case of pathologic fracture. No local recurrence was observed at the final follow-up, ranging from 6 to 300 months (average 99.7 months).
Epithelioid Hemangiomas (8 cases): Three were submitted to en bloc resection with a diagnosis at the time of Hemangioendothelioma and do not present any local or systemic disease at 48, 96, 205 months of follow-up (Fig. 2) . Three cases were submitted to intralesional excision combined with radiotherapy and had a similar course at 12, 20 and 58 months. Two more cases were submitted to simple embolization (underestimating the different behaviors between Hemangioma and Epithelioid Hemangioma): one A clinical and radiological follow-up is available for all the seven Epithelioid Hemangioendotheliomas. Four were submitted to en bloc resection without any other adjuvant treatments, according to the diagnosis of Hemangioendothelioma: one died after 6 months, another after 204 months with bone and lung metastases (Fig. 5) , while the two survivors are free of disease at 18 and at 160 months (Figs. 3 and 4a: this second case had soft tissue distant metastasis 7 years after the vertebrectomy performed on the histological diagnosis of Chordoma on CT-guided trocar biopsy and is now free of disease 74 months after soft tissue en bloc resection and radiotherapy, as margins were violated). One case evolved to radio-induced Sarcoma 52 months after intralesional excision and radiotherapy. Two cases are free Fig. 3 A 44-year-old male: a, b lytic intracompartmental lesion of the body of L4, diagnosed by TC-guided trocar biopsy chordoma. It was staged as St.IA (low-grade malignant, intracompartmental). The radiologist even remarked that the adjacent sclerotic region could have been interpreted as the benign notochordal tumor, sometimes observed adjacent to a chordoma. c In August 2005, he was submitted to en bloc resection whose margins were reported as tumor-free. d Seven years later, a neoplastic lesion was resected en bloc from the left trapezius muscle. It was diagnosed as Epithelioid Hemangioendothelioma with the aspect of malignancy. The critical revision of the L4 lesion, submitted to immunohistochemical studies, confirmed the same diagnosis in the previous vertebral localization. Due to the violation of the margins (tumor found at the surface of the specimen in one small are), he was also submitted to radiotherapy. e Sagittal CT reconstruction showing bone ingrowth inside the carbon fiber cage, without any evidence of tumor recurrence. He is free from any local and systemic disease at 149 months from the L4 en bloc resection, at 74 months from the muscle metastasis from local and systemic disease 2 and 4 years after gross total intralesional excision and radiotherapy.
Morphologically, two of these cases of Epithelioid Hemangioendothelioma (the one who died after 204 months and the one who was first misdiagnosed as Chordoma) showed malignant features (nuclear pleomorphism, necrosis and high mitotic activity). The presence of TFE3 gene rearrangements, typical of Epithelioid Hemangioendothelioma, excluded the diagnosis of Angiosarcoma (Fig. 4c, d ).
The course of the 2 cases of Angiosarcoma, both with epithelioid morphology features, was fast and lethal. Both cases were so huge at the clinical onset to make en bloc resection impossible. Intralesional excision was combined with radiotherapy and chemotherapy. Both patients died after 4 and 12 months with local progression and lung metastases.
The cohort also includes 2 cases of Pseudomyogenic Hemangioendothelioma (one of them first diagnosed as Hemangioendothelioma) and one case of Retiform Hemangioendothelioma. All of them were submitted to gross total excision and radiotherapy and are alive without any sign of local or systemic disease at 12, 55, 73 months of follow-up.
Seven en bloc resections were performed: 3 in Epithelioid Hemangioma that succeeded to achieve local and systemic control. The 4 en bloc resections performed in tumors which resulted to be Epithelioid Hemangioendothelioma always achieved local control, but were unable to prevent metastases in 3 cases and the course was lethal in 2 cases.
Discussion
Primary vascular bone tumors are rare and difficult to diagnose. The symptoms are specific and the radiological findings not conclusive: They are lytic and sometimes multicentric in the skeleton-like metastases or myeloma. Furthermore, surgeons can be misled in the decision-making process by the recent studies based on immunohistochemical and molecular analyses. The new classification of bone vascular tumors as proposed in 2013 is supported by the rapid elucidation of novel, characteristic translocations in the different entities [2] . In the last 4 years, there have been further several important refinements in the classification of vascular neoplasms of bone, including the description of vascular tumor types previous reported only in soft tissues such as Pseudomyogenic Hemangioendothelioma and Retiform Hemangioendothelioma, along with the identification of novel and recurrent molecular genetic findings, broadening the spectrum of available ancillary tests for the pathologist [1, 2, 7, [9] [10] [11] [12] [13] .
The term Hemangioendothelioma is now obsolete: It is replaced by a broad spectrum of different vascular tumor entities, with relative therapeutic recommendations. This is particularly relevant in the spine: These tumors are highly vascular, possibly life-threatening in intralesional surgery [4, 5] . Conversely, en bloc resection is highly demanding and morbid due to the infiltrative pattern of the more aggressive bone vascular tumors, with the possible Fig. 4 An example of a case of Epithelioid Hemangioendothelioma (arising in L4) including cords, strands and nests of epithelioid cells in a myxohyaline stroma on hematoxylin and eosin (a ×200 of magnification) associated with a strong nuclear reactivity for CAMTA1 antibody (b ×200 of magnification). A second example of Epithelioid Hemangioendothelioma (arising in T12) that showed mature vessel lumen formation, in addition to intracytoplasmic vacuoles on hematoxylin and eosin (c ×200 of magnification) associated with a strong nuclear reactivity for TFE3 antibody (d ×200 of magnification). TFE3 and CAMTA1 markers are specific of Epithelioid Hemangioendothelioma and are mutually exclusive need of relevant anatomical structures sacrifice to achieve appropriate oncological margins [14, 15] .
A retrospective change of diagnosis after revision of the specimens by immunohistochemical and molecular studies No evidence of local disease, bone ingrowth inside the carbon fiber cage. Previously, 10 and 12 years after the diagnosis, erosive lesions were found, respectively, in the left olecranon and at the acromion: submitted to intralesional extracapsular excision and cement filling of the residual cavity. The pathologist diagnosed the metastasis as Epithelioid Hemangioendothelioma with the aspect of malignancy. The revision of the L1L2 tumor found the same elements, and the primary diagnosis was changed from Hemangioendothelioma to Epithelioid Hemangioendothelioma with the aspect of malignancy. She had other bone metastases and died due to lung disease on January 2017 also generates possible misleading at follow-up and creates communication problems with the patients.
In our review, all cases previously diagnosed as Hemangioma did not change at the immunohistochemical and molecular revision, as well as the two cases of Angiosarcomas.
Functional surgery, to treat pain, pathological fracture and/or encroachment of the content of the canal, remains the recommended treatment for Hemangioma. This corresponds to Enneking indication [8] for St.1 lesions. In the literature, some cases of Hemangiomas treated by en bloc resection are reported [16] . This option looks like an overtreatment in light of the outcome reported in this review (no local recurrence out of 26 confirmed cases treated by palliative surgery, vertebroplasty and/or radiation), unless some of the reported cases submitted to en bloc resection be indeed Epithelioid Hemangioma.
Angiosarcoma is confirmed to be a high malignant tumor (St.II, almost always found as B, extracompartmental): The Enneking appropriate indication [8] is the chemotherapy associated with en bloc resection (wide margin) when feasible with acceptable morbidity. However, few protocols of chemotherapy have been proposed [17] , and the effects of neoadjuvant chemotherapy are not as relevant as in Osteosarcoma or Ewing sarcoma [18] . Tumor-free margin en bloc resection is seldom feasible due to the fast infiltrative behavior. Few successful cases are reported [19] .
In this perspective, medical oncology and radiation oncology progresses could be helpful. Multidisciplinary approach is mandatory, and surgery should be planned according to the timing of chemotherapy and allowing the most effective radiation by the use of radiolucent hardware [21] .
The entity previously diagnosed as Hemangioendothelioma does not exist anymore. Out of 13 cases which could be revised (on the 18 cases observed between 1990 and 2011), 4 were diagnosed as Epithelioid Hemangioma, 3 as Epithelioid Hemangioendothelioma, 1 as Pseudomyogenic Hemangioendothelioma, 2 as Hemangioma and finally 3 cases were even not diagnosed as vascular tumors but, respectively, as Solitary Fibrous Tumor, Myoepithelioma, Sclerosing Epithelioid Fibrosarcoma.
The long-term outcome study confirmed that en bloc resection with tumor-free margin is appropriate for Epithelioid Hemangioma. This is acceptable even from the perspective of the Enneking staging system [8] as Epithelioid Hemangioma is defined as benign aggressive tumor (Enneking St.3). Epithelioid Hemangioendothelioma has a more aggressive behavior, and it is now considered as a low-grade malignant tumor which could be staged as Enneking Stage I. Enneking appropriate surgery [8] is therefore marginal/ wide en bloc resection.
In our study, we reported 3 cases of confirmed Epithelioid Hemangioendothelioma out of four submitted to en bloc resection that developed bone, soft tissues and lung metastases, and two died (one after 6 months, the other 204 months after surgery). Other 3 cases were submitted to intralesional excision and radiation: 2 are living without evidence of disease at 2 years; the other developed a radioinduced sarcoma after 52 months. This experience helps to identify Epithelioid Hemangioendothelioma as a condition of which is wary, as occurred in other experiences [20] . If feasible, a tumor-free margin en bloc resection seems to be the best local treatment [5] . When the criteria to perform a tumor-free margin en bloc resection are not fulfilled [14] , the combination of surgery and radiotherapy is a reasonable option. In these cases, the use of composite PEEK/carbon fiber implants [21] is helpful to allow early detection of local recurrence and to allow better radiotherapy planning due to the implant radiolucency, which is able to prevent any scattering effect and over irradiation of neighboring structures. As a consequence, the doses on the target can be higher.
A careful follow-up should be set up for early surgical, radiation and/or chemotherapic treatment of possible bone and soft tissue metastases.
In conclusion, spine oncology surgeons must be confident with the terminology actually accepted by pathologists, where the integration of morphology, immunohistochemical and molecular features allows better stratification of primary epithelioid vascular tumors of bone.
To allow pathologists to achieve a circumstantial diagnosis, biopsy must always be performed, best by trocar under CT scan control, aiming at reaching the most representative tumoral tissue.
As a final remark, due to the evolution of terminology here discussed, the interpretation of the outcome data reported in the literature results is difficult and possibly misleading if the diagnosis is not supported by the actually required studies.
